Purpose: To assess the correspondence of shades between try-in pastes and resin cements and their influence on the final color of veneers. Materials and Methods: Bovine teeth (n = 140) were prepared and divided into 2 groups (a or b) according to ceramic veneer thickness (0.35 or 0.70 mm). Seventy teeth (n = 70) were distributed in 7 groups (groups 1 to 7a and groups 1 to 7b; n = 10). Try-in pastes and their corresponding resin cements were used according to the value: groups 1a and 1b (value -3); groups 2a and 2b (-2); groups 3a and 3b (-1); groups 4a and 4b (0); groups 5a and 5b (+1); groups 6a and 6b (+2); groups 7a and 7b (+3). Color measurements were performed with spectrophotometer, and the coordinates L * , a * , and b * were obtained. The final color change ( E) was calculated from these coordinates: E0 (trial -substrate), E1 (cementation -substrate), and E2 (cementation -trial). The data were analyzed using the Kolmogorov-Smirnov test, the Wilcoxon test, or t-test for paired samples and repeated-measures ANOVA, post hoc Bonferroni, or the Friedman test (p < 0.05).
Figure 1
Bovine teeth prepared and bonded to a base made of auto polymerizing resin.
result. Nonetheless, the impact of the color of the cement on the final esthetics of laminate veneers has been described as controversial in the literature. 7 To obtain better predictability of esthetic results, veneer try-in should be performed prior to cementation. Try-in can be carried out using water, hydrosoluble gel, or try-in pastes. 8 Try-in pastes that correspond to the same shades of resin cements allow both the dentist and the patient to evaluate the tooth/veneer system concerning the color and its nuances, ensuring that the esthetic expectation is achieved. 9 Thus, knowing whether tryin pastes are reliable regarding the final color of a restoration is a factor of paramount importance in an esthetic treatment employing laminate veneers.
Therefore, the present study aimed to assess the correspondence of shades between try-in pastes and resin cements, as well as the influence on the final color of veneers, for two thicknesses of ceramic laminate veneer (0.35 and 0.70 mm). Until now, no study used 0.35-mm-thick discs, which simulates laminate veneers thicknesses. The investigated hypotheses were: (1) no correspondence of shades can be found between try-in pastes and the respective resin cements; (2) the presence of ceramic laminate veneer of different thicknesses and resin cement shades do not influence the final color of veneers.
Materials and methods

Selection and preparation of teeth
This study was approved (protocol #281/11) by the Research Ethics Committee of the institution where it was conducted. One hundred forty bovine teeth were used in this laboratorial study. The roots were separated from the respective crowns, the buccal surface was flattened, preserving the enamel surface, and each tooth was bonded to a base made of autopolymerizing resin (Kota Indústria e Comércio Ltda, São Paulo, Brazil), so that the prepared buccal surface remained parallel to the ground (Fig 1) . Color measurements of the specimens were carried out using a spectrophotometer (Easyshade; VITA Zahnfabrik H. Rauter GmbH & Co. KG, Bad Säckingen, Germany) and only teeth classified as A3, according to the Vita color scale, were selected for this research. The specimens were stored in distilled water during all the steps of this study in order to remain hydrated, simulating the oral clinical situation of human teeth.
Fabrication of ceramic laminate veneers
To represent the clinical use of laminate veneers, ceramic discs (Fig 2) were produced according to the following specifications: IPS e.max HT B1, 0.35 mm (n = 70) and 0.70 mm (n = 70) thickness (Ivoclar Vivadent AG, Schaan, Liechtenstein). Bleaching plates (Bio-Art Equipamentos Odontológicos Ltda., São Carlos, Brazil) were laser-cut (Ghibli; Cutlite do Brasil, Blumenau, Brazil) to produce discs 0.30 and 0.65 mm in thickness and 10 mm in diameter to be used as molds for the ceramic discs. After the discs were made, they were manually finished using 1200-grit sandpaper (3M do Brasil, Sumaré, Brazil). Next, one of the surfaces of the ceramic disc was glazed using IPS e.max Crystal Glaze (Ivoclar Vivadent AG). Thickness was controlled using a 500-196-20 digital caliper, 0 to 150 mm precision (Mitutoyo America Corporation, Aurora, IL).
Experimental design
The prepared teeth were numbered from 1 to 140. Next, the specimens were randomly allocated into the experimental groups using Microsoft Office Excel 2010 (Microsoft Corp., Redmond, WA). The teeth were divided according to the thickness of the ceramic discs into groups 1a to 7a (n = 10 for each group), 0.35 mm thickness, and groups 1b to 7b (n = 10 for each group), 0.70 mm thickness. After that, they were subdivided based on the color of the try-in paste and resin cement as follows: groups 1a and 1b (color -3); groups 2a and 2b (color -2); groups 3a and 3b (color -1); groups 4a and 4b (color 0); groups 5a and 5b (color +1); groups 6a and 6b (color +2); groups 7a and 7b (color +3).
Initial color measurement
To measure the initial color, i.e., the color of the substrate, L * (lightness, where 100 represents white, and 0 represents black), a * (red-green chromatic coordinate), and b * (blue-yellow chromatic coordinate) coordinates were measured against a standard black background (opaque black cardboard; Griffe, São Paulo, Brazil) with an Easyshade spectrophotometer. These values were recorded in a table constructed using the Excel program and named L 0 * , a 0 * , and b 0 * .
Ceramic disc try-in and measurement of color with the try-in paste
Ceramic discs were tried-in prior to cementation by inserting the try-in paste (Fig 3) between the discs and the teeth in a standard amount. The system tooth/try-in paste/ceramic disc was pressed in a press device, especially designed for this procedure, coupled with a 200 g weight, and excess paste was removed with a brush no. 
Cleaning teeth after try-in and prior to cementation
The teeth were cleaned with extra-fine pumice (S.S. White Artigos Dentários Ltda., Rio de Janeiro, Brazil) and water slurry using a rotating rubber cup (Microdont Micro Usinagem de Precisão Ltda., São Paulo, Brazil) mounted in a slow-speed contra-angle handpiece (Dabi Atlante, Ribeirão Preto, Brazil). The try-in was manually removed from the ceramic discs with a flat-angled brush no. 4 (Cosmedent).
Ceramic disc cementation and color measurement after cementation
For the cementation phase, the manufacturer's instructions were followed. The surface of the prepared teeth was etched with 37% phosphoric acid (Total Etch; Ivoclar Vivadent AG) for 30 seconds. After the conditioning gel was rinsed away using water-air jet for 60 seconds and the teeth were dried without dehydrating their surface, the adhesive system Excite F (Ivoclar Vivadent AG) was applied for 10 seconds, followed by a gentle air jet from a distance of 5 cm. Each ceramic disc was fixed on a flexible rod with an adhesive tip (Kota Indústria e Comércio Ltda, São Paulo, Brazil) to hold, transport, and position it on the substrate. The unglazed surface of each ceramic disc was etched with 10% hydrofluoric acid (FGM Produtos Odontológicos Ltda, Joinvile, Brazil) for 20 seconds, washed using water-air jet for 40 seconds, dried with an air jet, and silanized with Monobond-S (Ivoclar Vivadent AG) for 60 seconds. After drying with an air jet, the adhesive system Excite F was applied to the same surface of the ceramic disc, and excess was removed with a gentle air jet from a distance of 5 cm.
A uniform and standardized layer of resin cement Variolink Veneer (Ivoclar Vivadent AG; Fig 4) the color corresponding to the try-in paste used in each group was applied on the surface of the ceramic disc treated as described above, then seated on the tooth and conventionally pressed in a press device, specifically designed for this procedure, coupled with a 200 g weight. Prepolymerization was performed for 5 seconds for excess cement removal, and photopolymerization was carried out using a LED curing light unit (Radii Plus; SDI Limited, Bayswater, Australia), set at 1200 mW/cm 2 , for 40 seconds, the axis of the light beam perpendicular to the external glazed surface of the ceramic disc. L * , a * , and b * coordinates were measured against a standard black background (opaque black cardboard) with an Easyshade spectrophotometer. These values were recorded in a table constructed using the Excel program and named L 2 * , a 2 * , and b 2 * . Color change ( E * ) is commonly used to represent a difference in color. In the present study, three E * values were obtained. The first ( E 0 ) was calculated using the values obtained for the color coordinates of the ceramic discs with the try-in paste (L 1 * , a 1 * , b 1 * ) and the bovine substrate (L 0 * , a 0 * , b 0 * ); the second ( E 1 * ) was calculated using the values obtained for the color coordinates of the ceramic discs after cementation with resin cement (L 2 * , a 2 * , b 2 * ) and the bovine substrate (L 0 * , a 0 * , b 0 * ); and the third ( E 2 * ) was calculated using the values obtained for the color coordinates of the ceramic discs after cementation with resin cement (L 2 * , a 2 * , b 2 * ) and the ceramic discs with the try-in paste (L 1 * , a 1 * , b 1 * ). The teeth in all the readings were dampened to avoid the loss of the optical properties and to approach oral conditions.
Statistical analysis
The assessment of the normality of data was performed using the Kolmogorov-Smirnov test. For intragroup comparisons between color measurement after try-in paste application ( E 0 ) Table 1 Results of mean ± standard deviation (x ± S) and median (Md) of E 0 and E 1 obtained for 0.35-mm-thick ceramic discs from groups 1a to 7a, using the * T-test for paired samples or the * * Wilcoxon test Table 2 Results of mean ± standard deviation (x ± S) and median (Md) of E 0 and E 1 obtained for 0.70-mm-thick ceramic discs from groups 1b to 7b, using the * T-test for paired samples or the * * Wilcoxon test and after cementation ( E 1 ), groups 7a, 1b, and 4b did not pass in the normality tests; therefore, Wilcoxon non parametric tests were used. For the other groups, t-test for paired samples was used. E 2 data were submitted to a descriptive statistical analysis only. The evaluation between groups regarding thicknesses and colors for E 0 and for E 1 was conducted using two-way ANOVA and post hoc Tukey's. The statistical difference between L * , a * , and b * for each thickness was assessed using repeated-measures ANOVA and post hoc Bonferroni except L * for groups 2a, 1b, 5b, and 7b; a * for groups 2a, 4b, and 6b; b * for groups 1a, 3a, and 4b, which did not pass the normality tests. Therefore, Friedman Test was used. Differences were considered statistically significant when the calculated p value was less than 0.05. The statistical analysis was performed employing the Statistical Package for the Social Sciences software, v20 (SPSS, Chicago, IL).
Results
The results indicated no statistically significant difference intragroup comparing E 0 with E 1 for the 0.35 mm thickness ceramic discs, except for groups 2a and 5a (Table 1) , for which the respective E 1 was higher than E 0 . For the 0.70 mm thickness ceramic discs, no statistically significant differences were observed between the groups comparing E 0 with E 1 ( Table 2) . The values found for E 2 for the 0.35 mm thickness ceramic discs ranged from 1.77 ± 0.81 to 4.99 ± 3.80, whereas for the 0.70 mm thickness ceramic discs, they ranged from 1.01 ± 0.73 to 4.66 ± 2.96 (Table 3) .
Assessing the difference of the variables thickness and color, for E 0 a significant interaction was observed between them (p = 0.006), and group 1a presented a statistically significant difference compared with groups 3b, 4b, 6b, and 7b. Group 4b also presented a statistically significant difference compared with groups 2a and 6a (Fig 5) . In the evaluation of the variables described for E 1 , a significant interaction was observed (p = 0.001), and group 1a presented a statistically significant difference compared with groups 4b and 6b, whereas group 4b showed a statistically significant difference compared with groups 2a, 6a, and 1b (Fig 6) .
Assessing the results of L * for 0.35-mm thick ceramic discs, a discrete increase was observed in the mean values between the measurements for the substrate and the ceramic discs with the try-in paste, as well as between the measurements for the substrate and after cementation. Nevertheless, a statistically significant difference was observed only for the groups that represented the colors -3, -2, and +3, i.e., for the extremes of the system scale used in the present study (Table 4) . Evaluating the results of L * for 0.70-mm thick ceramic discs, in most groups the mean values increased significantly from L 0 * to L 1 * and to L 2 * (Table 5) . Assessing a * , no statistically significant difference was found from a 1 to a 2 in the 14 groups. Nevertheless, comparing a 1 with a 0 , statistically significant differences were observed in most Table 3 Results of mean ± standard deviation (x ± S) and median (Md) of E 2 obtained for 0.35-mm-thick and 0.70-mm-thick ceramic discs from groups 1a to 7bx groups, except for groups 1a, 1b, 2a, and 6a, and the values were generally reduced using try-in pastes,. Comparing a 0 with a 2 , a statistically significant difference was also observed in most groups, except for groups 1a, 1b, 6a, and 7b (Tables 6 and 7) . Assessing b * , in all groups a decrease in values was found using try-in paste and resin cement. A statistically significant difference was observed between b 1 and b 0 and between b 2 and b 0 in all groups; however, between b 1 and b 2 , no statistically significant differences were found for any groups (Tables 8  and 9 ).
Discussion
Obtaining the planned color using indirect bonded restorations is a fundamental step to achieve a successful outcome in esthetic rehabilitation treatments and, consequently, the satisfaction of both the dentist and the patient. Selection of the final color desired for a laminate veneer involves the evaluation of the dental substrate to be restored and the choice of the ceramic veneer, but other parameters should also be considered, such as the lips, the color of the gingival tissue, the adjacent teeth, and the position of the tooth in the dental arch. 10 The most commonly used method for color selection in clinical practice is the standardized scales, based on the visual perception of the observer; however, given the disadvantages of this method, it is not used in research as a model for comparison. 11, 12 Thus in the present study the CIE L * a * b * system was used to measure the color, since spectrophotometry remains the most accurate method for this purpose. 13 The results obtained for E 0 and E 1 were compared with the 14 groups and in most groups, color correspondence was observed between try-in paste and resin cement polymerized under the ceramic laminate veneers. This finding does not coincide with the results reported by other authors, 8, [14] [15] [16] [17] since they demonstrated that in most cases, the color of the try-in paste did not correspond to the color of its respective cement; however, in these previous studies the variation in color did not reach four shades, different ceramic thicknesses were not tested, and in some of them the ceramic veneers were up to 1.0 mm thick. In contrast, the results found by Xing et al 7 corroborate the present finding, given that in general, no difference was observed between the color of the try-in pastes and their respective cements, although they used ceromer veneers instead of ceramic veneers.
e78 Table 4 Results of mean ± standard deviation (x ± S) and median (Md) of the comparison of L 0 * , L 1 * , and L 2 * for 0.35-mm-thick ceramic discs from groups 1a to 7a, using * repeated-measures ANOVA, post hoc Bonferroni, or the * * Friedman test Table 5 Results of mean ± standard deviation (x ± S) and median (Md) of the comparison of L 0 * , L 1 * , and L 2 * for 0.70-mm-thick ceramic discs from groups 1b to 7b, using * repeated-measures ANOVA, post hoc Bonferroni, or the * * Friedman test Table 6 Results of mean ± standard deviation (x ± S) and median (Md) of the comparison of a 0 * , a 1 * , and a 2 * for 0.35-mm-thick ceramic discs from groups 1a to 7a, using * repeated-measures ANOVA, post hoc Bonferroni, or the * * Friedman test Considering that in the present study only teeth classified as A3 (according to the Vita color scale) were selected, and that color HTB1 ceramic veneers were used in all the groups, it is possible to affirm that the color of cement and try-in paste and thickness of the ceramic laminate greatly influenced the change of the initial color of the substrate, very perceptible in groups 4a and 4b (color 0). Comparing the extreme colors evaluated herein, the mean values both for E 0 and E 1 registered for the groups that represented color -3 (1a and 1b) were lower than those obtained for the groups that represented color +3 (7a and 7b). These findings confirmed that using thinner ceramic veneers, different colors of cement can change the final color of the laminate bonded to the tooth and are in agreement with the findings of Xu et al 16 who reported that E values were significantly affected by colors of luting composite and veneer thickness.
Therefore, considering that thickness is an important feature of laminate veneers, in the present study the ceramic discs were produced in two thicknesses: 0.35 mm, aiming to investigate the performance of a laminate thickness close to that described as "contact lens" in the literature (0.30 mm), 18 and 0.70 mm, aiming to observe the performance of a laminate used in conventional situations. 19 Analyzing the variables thickness and color (Figs 5 and 6) , the most relevant factor in color change was thickness, since statistically significant differences were found for the different thicknesses (i.e., between groups a and Table 7 Results of mean ± standard deviation (x ± S) and median (Md) of the comparison of a 0 * , a 1 * , and a 2 * for 0.70-mm-thick ceramic discs from groups 1b to 7b, using repeated-measures ANOVA, post hoc Bonferroni, or the * * Friedman test coordinates. Analyzing the mean values obtained for groups 4a and 4b (color 0), regardless of the color of the adhesive material placed between the substrate and the ceramic disc, the color of the system substrate/adhesive material/ceramic veneer changed, probably due to the presence of the ceramic veneer.
The values obtained for a * and b * decreased in most groups, from the measurements of the substrate to the measurements after try-in paste application, as well as from the measurements of the substrate to the measurements after cementation. Thus the systems substrate/adhesive material/ceramic veneer became less red and more green in the axis of the a * coordinate, and less yellow and more blue in the axis of the b * coordinate. Determining a clinically acceptable value for E * remains challenging. Balderamos et al 8 adopted E * ࣘ 3.0 as the limit of perception, Xing et al 7 determined that E * ࣙ 2.0 is perceptible, and Salameh et al 21 considered that E * ࣙ 3.7 is perceptible for changes in color; however, in an in vivo study, Douglas et al 22 affirmed that the limit for clinical acceptability is E * ࣘ 5.5, and according to AlGhazali et al, 23 the limit for perception is E * ࣙ 1.0, whereas the limit for clinical acceptability is E * ࣘ 5.5. The findings of the present study were: for 0.35-mm-thick ceramic veneers, E 2 ranged from 1.77 to 4.99, and for 0.70-mm-thick ceramic veneers, E 2 ranged from 1.01 to 4.66. Therefore, in agreement with AlGhazali et al, 23 although the color changes were perceptible in all groups, they are clinically acceptable within the aforementioned parameters, since both thicknesses E 2 ranged from 1.01 to 4.99.
In addition, the use of bovine teeth and late non-reading of the system (substrate/cement resin/ceramic veneer) to verify the change in E could be considered as limitations of the study. Another limitation was the uniformity in the thickness of the experimental laminates rather than laminates made from an impression of the human tooth.
Conclusion
In accordance with the limitations of the current study, it is possible to conclude that:
1. Correspondence between the color of the try-in pastes and their respective resin cements was found in most colors investigated. 2. The color of the resin cement influenced the final color of the ceramic laminate veneer. 3. The thickness of the ceramic laminate veneer was the most relevant variable for color change.
